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HIGH MELTING AMINO AROMATIC NITRATE NO; 1
ESTERS HyN NH:
BACKGROUND OF THE INVENTION 5
This invention relates to organic nitrate esters and O:N NO:
more particularly to aromatic nitrate esters which are NHCH>CH2ONO;

useful as explosives.

The availability of high-melting nitrate esters is very
limited. Pentaerythritol tetranitrate (PETN) is the high-
est melting of commonly available nitrate esters, but its
melting point (140° C.) precludes its use at temperatures
in the vicinity of 150° C. and above [missile systems
often require explosives that can withstand short-term
(30 minutes) exposure to temperatures in the vicinity of
150° C. and above due to aerodynamic heating]. A
higher melting (mp 158°-160° C.) nitrate ester, 2,4,6-
trinitro-1,3,5-tris(2-hydroxyethylnitramino)benzene-
trinitrate, has been reported but its availability is limited
by procedures that provide low to moderate yields
(approximately 50%). Thus, it would be advantageous
10 have available a method that provides high yields of

high-melting nitrate esters to allow a wide range of ,

melting points and sensitivities as well as shori-term
stability at 150° C.

U.S. Pat. No. 5,081,255, titled, “High melting Aro-
matic Nitrate Esters,” which issued Jan. 14, 1992 to
Michael E. Sitzmann discloses 2,4,6-trinitro-1-(2-
hydroxyethylamino)-3-(2-hydroxyethylnitramino)ben-
zenedinitrate; 2,2°,4,4'6,6'-hexanitro-3-(2-hydroxyethyl-
nitramino)stilbenenitrate; 1,3,5-tristhydroxyethyl-
aminonitrate)-2,4,6-trinitrobenzene;  2,5-bis[3-(hydrox-
yethylaminonitrate)-2,4,6-trinitrophenyl}-1,3.4-
oxadiazole; and 2,5-bis[3-hydroxyethylaminonitrate)-S-
(hydroxvethylnitraminonitrate)-2,4,6-1rinitrophenyl}-
1,3,4-0xadiazole which are energetic explosive com-
pounds having suitably high melting or decomposition
points. Nevertheless, it would be desirable to provide
explosives which are even more resistant to high tem-
peratures.

SUMMARY OF THE INVENTION

Accordingly an object of this invention is to provide
novel, high energy nitrate esters with high melting (or
decomposition) points.

Another object of this invention is to provide nitrate
esters that have short term stability even at tempera-
tures above 150° C.

A further object of this invention is to provide tem-
perature resistant nitrate esters which are useful as initi-
ation train explosives and/or as booster explosives.

These and other objects of this invention are
achieved by providing:

A nitrate ester which is 1,3-diamino-5-(thydroxye-
thylaminonitrate) -2,4,6-trinitrobenzene or 3-amino-3'-
(hvdroxvethylaminonitrate)-2,2',4,4',6,6'-hexani-
trobiphenyl.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The explosive compounds of this invention are the
following high-melting amino polynitroarcmatic nitrate
esters: 1.3-diamino-5-(hydroxyethvlaminonitrate)-2,4.6-
trinitrobenzene(215° C. dec.),
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3-amino-3'<(hydroxyethylaminonitrate)-
2,2',4,4",6,6'-hexanitrobiphenyl (182° C. dec.),

H3N NO; NG NHCH2CH,0ONO; vil

NO; NO;

15
" @ @ " .
20

U.S. Pat. No. 5,081,255, cited above, discloses 1,3,5-
tristhvdroxyethylaminonitrate)-2,4,6-trinitrobenzene,

NO:

O3NOCH2CHaHN NHCH)CHi0NO;
O2N NO;

NHCH2CH;ONO3

with a melting point of 186° C. Replacement of one of
the —NHCH,CH;0NO; groups with an —NH2 group
produces 1-amino-3,5-bis(hydroxyethylaminonitrate)-
2,4,6-trinitrobenzene,

2 v

NO;
H)N NHCH3CH2ONO»
O:N NO:

NHCH,;CH,;0ONO;

with a melting point of only 110°~112° C., making this
compound unsuitable for high temperature applications.
However, it has been discovered that when two
—~NHCH,CH,0ONO:; groups are replaced with two
—-NHj3 groups the compound 1,3-diamino-5-(hydroxye-
thylaminonitrate)-2,4,6-trinitrobenzene  (I) does not
melt until 215° C. where it decomposes. As a result,
1,3-diamino-5-(hydroxyethylaminonitrate)-2,4,6-trini-
trobenzene is suitable for high temperature applications
such as in aerodynamically heated missile warheads.
The nitrate ester 3,3'-bis(thydroxyethylaminonitrate)-
2,2',4,4',6,6'-hexanitrobiphenyl,

Vil

0;NOCH;CH;NH NO; NHCH2CH;ONO;

O

NO:

O2N

NO:
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has a melting point of 138°-140° C., and is therefore not
suitable for use at the temperature of 150° C. and above
which occur in aerodynamically heated missile war
heads. However, replacing one —NHCH;CH;ONO;
group with a —NH; group produces 3-amino-3'-
hydroxyethylaminonitrate)-2,2’,4,4',6,6'-hexani-
trobipheny! (VII),

HoN NO; vt

NO» NHCH;CH,0NO;

O;N NO3 ,

NO; NO:

which has a melting (decomposition) point of 182° C.
and which is therefore suitable for use in the missile
warheads.

The substitution of —NH; groups for —NHCH:C-
H;ONO; may also lower the sensitivity of the explosive
compound. For example, the impact sensitivity of crys-
tallized 1,3-diamino-5-(hydroxyethylaminonitrate)-
2,4 6-trinitrobenzene was found 10 be 50 cm (RDX =19
cm). A similarly crystallized sample 1,3,5-tris(hydrox-
yethylaminonitrate)-2,4,6-trinitrobenzene was found to
have an impact sensitivity of 43 cm but a fine paricle
sized sample was found to have an impact sensitivity of
23 cm.

The reaction sequence for preparing 1,3-diamino-$.
(hydroxyethylaminonitrate)-2.4,6-trinitrobenzene  can
be summarized as follows:

Cl (example 1)
Oy;N NO;
HOCH>CHaNH: -
Cl Cl
NO2
Cl (example 2)
02N NOz
Cl NHCH,CH,;0H
NO; 111
NH;
NH3 (exampie 3)
O;N NO;z
HoN NHCH:CH;OH
NO- 1
HNO:
-5010 —30° C.
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4
~continued
NH:
O;N NO;
HoN NHCH1CH,ONOy
NO: i

First, one mole of ethanolamine is reacted with each
mole of 1,3,5-trichloro-2,4-6-trinitrobenzene under the
conditions given in example 1 to give 1,3-dichloro-5-(2-
hydroxyethylamino)-2,4,6-trinitrobenzene (compound
III). Compound III is then reacted with ammonia under
the conditions given in example 2 to produce 1,3-
diamino-5-(2-hydroxyethylamino)-2,4,6-trinitrobenzene
(compound II). Compound Il is then nitrated under the
conditions given in example 3 to give the product 1,3-
diamino-5-(hydroxyethylaminonitrate)-2,4,6-trinitro-
benzene (I). ’

The reaction sequence for preparing 3-amino-3‘-(hy-
droxyethylaminonitrate)-2,2',4,4',6,6'-hexanitrobiphe-
nyl (VII) can be summarized as follows:

HiCO NO; O);N ipie 6)
HOCH;CH3NH; + o;NH NO;
' NO:  O:N
H2CO NO: O:N NHCH;CH;QHampie 7)

02N NO:
/ N

NO: O:N
\L NH:
HaN NO; OaN NHCH>CH @dlample 8)

NO; OsN
HNO3
- 5510 —45°
HaN NO2 O:N NHCH;CH,0ONO;
02N e
Vil
NO: OgN

First. one mole of ethanolamine is reacted with each
mole of 3,3'-dimethoxy-2.2',4.4',6,6'-hexanitrobipheny!
under the conditions given in example 6 to give 3-
methoxy-3'-(  2-hydroxyethylamino)-2.2',4.4",6.6'-hex-
anitrobiphenyl (compound X). Compound X is then



5 ,
reacted with ammonia under the conditions of example
7 10 produce 3-amino-3'-(2-hydroxyethylamino)-
2,2',4,4',6,6'-hexanitrobiphenyl (compound XI). Com-
pound XI is then nitrated under the conditions of exam-
ple 8 to produce the product 3-amino-3'-(hydroxye-
thylaminonitrate)-2,2',4,4',6,6'-hexanitrobiphenyl.

The general nature of the invention having been set
forth, the following examples are presented as specific
illustrations thereof It will be understood that this in-
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C. dec; 'H NMR (DMSO-d +D;0): 3.48 (1, 2H), 4.95 (1,
2H).
Anal. Caled for CgHoN+Oe: C, 27.67; H, 2.61; N,
28.24.
S Found: C, 28.18; H, 2.51; N, 27.90.
EXAMPLE 4
1-Amino-3,5-bis(2-hydroxyethylamino)-2,4,6-trinitro-
benzene (VI)
10

vention is not limited to these specific examples, but is
susceptible to various modifications that will be recog-
nized by one of ordinary skill in the art.

EXAMPLE 1

1,3-Dichloro-5-(2-hydroxyethylamino)-2,4,6-trinitro-
benzene (II1)

Ethanolamine (1.4 g, 0.023 mole) in 15 ml of dichloro-
ethane was added dropwise to a stirred solution of 5.1 g
(0.016 mole) of 1,3,5-trichloro-2,4,6-trinitrobenzene in
50 m! of dichloroethane at room temperature. The
cloudy solution (decanted from an insoluble 0il) was
allowed to stand overnight and a small amount (approx-
imately 0.2 g) of insoluble solid that formed was re-
moved by filtration. The volatiles were removed from
the filtrate to give 4.6 g of sold which was digested with
25 m] of methylene chloride.

The insoluble product (1.5 g, mp 168°~172° C.) is
66% of the theoretical vield (based on 3.0 g of recov-
ered starting material). Crystallization from dichloro-
ethane gave the product l,3-dichloro-5-(2-hydroxye-
thylamino)-2,4,6-trinitrobenzene, 1.2 g, mp 173°-175°
C. An analytical sample had mp 174°~176° C.; 'H NMR
(acetone-d¢—D;0): 3.33 (1, 2H), 3.83 (¢, 2H).

Anal Caled for CgHeN«C1207: C, 28.17; H, 1.77; N,
16.43; Cl, 20.79 Found: C, 28.17; H, 1.75; N, 16.28; Cl,
20.90.

EXAMPLE 2

1,3-Diamino-5-(2-hydroxyethylamino)-2,4,6-trinitro-
benzene (II)

To a mixture of 0.50 g (0.0015 mole of 1,3-dichloro-3-
(2-hydroxyethylamino)-2-4,6-trinitrobenzene and meth-
anol (10 ml) stirred in an ice bath was added a solution
of gaseous ammonia in methanol until the reaction mix-
ture remained basic 1o damp pH paper. The mixture was
stirred at room temperature for 4 hours (kept basic with
NH3) and then stood overnight before the insoluble
solid was removed 1o give the product 1,3-diamino-5-(2-
hydroxyethyiamino)-2,4,6-trinitrobenzene, 0.40 g
(91%), mp 240° C. dec; 'H NMR (DMSO-d¢+D20):
3.14 (¢, 2H). 3.70 (1, 2H).

Anal Caled for CgHoN¢O7; C, 31.79; H, 3.33; N,
27.81.

Found: C, 31.93; H, 3.24; N, 27.27.

EXAMPLE 3

1,3-Diamino-5-(hydroxyethylaminonitrate)-2,4,6
trinitrobenzene (I)

To 90% nitric acid (40 ml) stirred at —50° C. was
added 2.3 g (0.0076 mole) of 1,3-dichloro-5-(2-hydrox-
yethylamino)-2,4,6-trinitrobenzene. The mixture was
allowed to warm to —30° C. and held at this tempera-
ture until all material dissoived. The solution was
poured onto ice to give 2.25 g (85%) of yellow solid the
product 1,3-diamino-5-(thydroxyethylaminonitrate)-
2.4.6-tnnitrobenzene, mp 212° C. dec. Crystallization
from acetone-methanol raised the melting point to 215°
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Ethanolamine (0.55 g, 0.009 mole) in 8 mi of methanol
was added to a solution of 0.6 g (0.002 mole) of 1-amino-
3,5-dichloro-2,4,6-triniitrobenzene in 10 ml of methanol
stirred at room temperature. After 2 hours the yellow
precipitate was removed to give the product 1-amino-
3,5-bis(2-hydroxyethylamino)-2,4,6-trinitrobenzene, 0.7
g (100%), mp 226° C. dec; 'H NMR (acetone-
de+D70): 3.35 (1, 2H), 3.90 (¢, 2H).

Anal Caled for C1oH1aNgOs: C, 34.68; H, 4.07; N,
24.27.

Found: C, 34.72; H, 4.05, N, 24.37.

EXAMPLE 5

1-Amino-3,5-bis(hydroxyethylaminonitrate)-2,4.6-trini-
trobenzene (V)

To 10 ml of 909% nitric acid stirred a1t —45° C. was
added 0.50 g (1.44 mmole) of 1-amino-3,5-bis(2-hydrox-
yethylamino)-2,4,6-trinitrobenzene. The mixture was
then held at —30° C. until all material dissolved. The
solution was poured unto ice to give 0.61 g (97%) of a
yellow solid product l.amino-3,5-bis(hvdroxye-
thylaminonitrate)-2,4,6-trinitrobenzene. Crystals from
tetrahydrofuran-methanol had melting point 110°-112°
C.; IH NMR (acetone-de): 3.73 (t, 2H), 5.10 (1, 2H).

Anal Caled for CioH12NgOj2: C, 27.53; H, 2.7%; N,
25.68.

Found: C, 27.75; H, 2.78; N, 25.39.

EXAMPLE 6

3-Methoxy-3'-(2-hydroxyethylamino)-2,2',4,4',6,6 -hex-
anitrobiphenyl (X)

Ethanolamine (0.20 g, 0.0032 mole) in 5 ml of dichlo-
roethane was added dropwise 10 a stirred solution con-
taining 2.4 g (0.005 mole) of 3,3.dimethoxy-
2,2’ 4,4',6,6'-hexanitrobipheny! in 30 ml of dichloroeth-
ane. The reaction solution, after concentration to 10 ml,
vielded only 2 small amount (0.2 g) of precipitate. The
mother liquor was chromatographed on Silica gel 60
(CH;Cl; as eluent) to give the product 3-methoxy-3'-(2-
hydroxyethylamino)-2,2',4,4',6,6 -hexanitrobiphenyl,
1.2 g (70% yield, 0.8 g of starting material recovered),
mp 180°-181" C.; 'H NMR acetone dg): 3.30 (m, 2H), 3
93 (m, 2H), 4.30 (s, 3H), 9.47 (s, 1H), 9.55 (s, 1H).

EXAMPLE 7

3-Amino-3'-(2-hydroxyethylamino)-2,2',4,4',6,6"-hex-
anitrobiphenyl (XI)

A mixture of 0.55 g (0.0011 mole) of 3-methoxy-3"-(2-
hydroxyethylamino)-2,2',4,4',6,6'-hexanitrobiphenyl
and 10 ml of methanol was stirred in an ice bath while
a solution of gaseous ammonia in methanol was added
until the mixture remained basic to damp pH paper. The
mixture was then kept basic with ammonia as it was
stirred at room temperature for 3 hours. After standing
overnight. the insoluble vellow solid product 3-amino-
3'-(2-hyvdroxyethylamino)-2.2',4.4°,6,6 -hexanitrobiphe-
nyl was removed 10 give 0.45 g (85%), mp 246° C. dec:
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1H NMR (acetone-d¢+ D20): 3.28 (t, 2H), 3.90 (t, 2H),
9.50 (overlapping s, 2H).
Anal Calcd for C14H1oNgO3: C, 33.74; H, 2.02; N,
22.49.
Found: C, 33.82; H, 2.22; N, 21.83.

EXAMPLE 8

3-Amino-3'-(hydroxyethylaminonitrate)-2,2',4,4',6,6'-
hexanitrobiphenyl (VII)

To 4 m) of 90% nitric acid well stirred at —55° C.
was added 0.3 g (0.6 mmole) of 3-amino-3'-(2-hydroxye-
thylamino)-2,2',4,4',6,6"-hexanitrobiphenyl. The mix-
ture was allowed to warm to —45° C. over 15 minutes
at which time all material was in solution. The solution
was poured onto ice 1o give 0.3 g (90%) of yellow solid
which was crystallized from acetone-methanol to give
the product 3-amino-3'-(hydroxyethylaminonitrate)-
2,2',4,4',6,6"-hexanitrobiphenyl mp 182° C. dec; 'H
NMR (acetone-dg+D20): 3.73 (1, 2H), 5.03 (¢, 2H), 9.54
(s, 1H), 9.57 (s, 1H).

Anal. Calcd for Cj¢H9NgOs: C, 30.95; H, 1.67; N,
23.20. Found: C, 30.74; H, 1.73; N, 22.67.

EXAMPLE 9

3,3'-Bis(2-hydroxyethylamino)-2,2',4.4',6,6'-hexani-
trobiphenyl (XII)

To a solution of 1.45 g (0.024 mole) of ethanolamine
in 80 m! of methanol stirred in an ice bath was added 4.8
g (0.0 mole) of 3,3-dimethoxy-2,2,4,4'6,6"-hexani-
trobiphenyl. After 20 minutes at 0° C., the mixture was
stirred for 4.5 hours at room temperature before the
insoluble yellow solid was removed and washed with
methanol. The yield of product 3,3'-bis(2-hydroxye-
thviamino)-2,2',4,4',6.6'-hexanitrobipheny! was 5.15 g
(95%), mp 215°-216° C. 'H NMR (acetone-d¢-+D20):
3.30 (m, 4H), 3.90 (1, 4H), 9.53 (s, 2H).

EXAMPLE 10

3,3-Bis(Hydroxyethylaminonitrate)-2.2',4,4',6,6'-hex-
anitobiphenyl (VIII)

To 15 ml of 90% nitric acid stirred at —45° C. was
added 1.5 g (0.0028 mole) of 3,3"-bis(2-hydroxye-
thylamino)-2,2',4,4',6,6'-hexanitrobiphenyl. The mix-
ture was held at —30° C. for 5 minutes until all material
had dissolved. The solution was poured onto ice 10 give
1.7 g (96%) of yellow solid product 3,3"-bis(Hydroxye-
thylaminonitrate)-2,2',4,4',6,6 -hexanitrobiphenyl  (es-
sentially pure by TLC and 'H NMR). Crystals from
acetone-methanol had mp 138°-140° C.; '"H NMR (ace-
tone-de): 3.72 (m, 4H), 5.03 (t, 4H), 9.25 (broad, NH),
9.52 (s, 2H).

Anal. Calcd for Cj6H12N10018: C, 30.39; H, 1.9; N,
22.15.

Found: C, 31.07; H, 2.03; N, 21.69.
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EXAMPLE 11

3.(2-Hydroxyethylamino)-2,2',4,4',6,6 -hexanitrobiphe-
nyl (XIII)

A mixture of 2.1 g (0.0046 mole) of 3-chloro-
2,2',4,4',6.6"-hexanitrobiphenyl and 25 ml of methanol
was stirred in an ice bath while a solution of 0.58 g
(0.0095 mole) ethanolamine in 9 ml of methanol was
added over 10 minutes. The mixture was stirred for 4
hours at room temperature before the insoluble material
was removed and washed with a small amount of meth-
anol to give 1.3 g of yellow solid. Removal of volatiles
from the filtrate gave a dark residue which was stirred
with water 1o give 0.8 g of dark solid. TLC and 'H
NMR indicated the yellow solid was mainly the desired
product 3-(2-hydroxyethylamino)-2,2',4,4',6,6"-hexani-
trobiphenyl but also contained unreacted starting mate-
rial. The dark solid contained some desired product
along with dark colored impurities The yellow solid
(1.3 g) was stirred with 20 ml of boiling methylene
chloride before the mixture was cooled to room temper-
ature and the insoluble yellow solid was removed to
give 0.65 g, mp 190°-193° C.; 'H NMR (acetone-
de+D70): 3.30 (t, 2H), 3.90 (1, 2H), 9.57 (overlapping s,
3H).

EXAMPLE 12

3-(Hydroxyethylaminonitrate)-2.2",4,4',6,6'-hexani-
trobiphenyl (1X)

To 3 mi of 90% nitric acid stirred at —35° C. was
added 0.30 g of 3-(2-hydroxyethylamino)-2,2',4,4,6.6'
hexanitrobiphenyl. The solution was held at —30° C.
for 3 minutes before it was poured onto ice to give a
yellow solid (0.32 g, 100%) which was essentially pure
by TLC and 'H NMR. The solid was crystallizec from
acetone-methanol to give the product 3-(hydroxye-
thylaminonitrate)-2,2',4,4',6,6'-hexanitrobiphenyl  0.23
g, mp 162°~164° C. '"H NMR (acetone-de): 3.70 (1, 2H),
5.00 (t, 2H), 9.58 (overlapping s, 3H).

Anal. Caled for C14HgNgOja: C. 31.83: H, 1.53; N,
21.21.

Found: C, 32.07; H, 1.62; N, 21.09.

Obviously numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore 10 be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described
herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. 1,3-diamino-5-(hydroxyethylaminonitrate)-2,4,6-
trinitrobenzene.

2. 3.amino-3'-(hydroxyvethylaminonitrate)-
2.2',4,4',6,6"-hexanitrobiphenyl.

- * * *



